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E7ALUATJ.CN  OF  GLASS  FABRIC  R3INFCP.CED  PLASTIC  LAMINATES 


Prepared  by  i 
F0  Robert  Bern  eh 


ABSTRACT:  Use  of  reinforced  plastics  aa  inatorials  of  construction  for 

naval  ordnance  requires  that  specifications  be  established  to  control 
the  quality  of  these  materials,.  Many  such  material  specifications 
already  exist  and  are  used  as  a has.  s for  the  procurement  of  plasticso 
However,,  further  information  and  exact  data  are  required  if  these 
materials  are  to  be  properly  used  and  specified  in  ordnance  design. 
Properties  of  laminates  made  with  different  reinforcements  and  tested 
under  various  environmental  conditions  peculiar  to  the  ordnance  field 
must  Do  made  available,, 

To  provide  a limited  amount  of  specialised  data,,  a program  of  evaluation 
of  numerous  materials  and  process  variables  on  the  physical,  electrical 
and  mechanical  properties  of  glass  cloth  laminates  was  undertaken  by 
the  Naval  Ordnaice  Labo-ratesy,,  Included  i^ere  the  variables  of  fabric 
weave.,  yam  weight,  fabric  finish,  type  rasin,  test  panel  thicknessfl 
resin  content^  and  temperate  ire  at  the  time  of  teste  Test  panels  were 
molded  under  precise  conditions,  and  the  properties  of  th®  laminates 
were  measured  after  storage  for  one  week  at  75°*'’  and  50#  RHn  No  data 
ware  taken  after  see  water  immersion,  outdoor  exposure  or  other  conditions 
of  service 0 
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TIA.VGRD  Report  2669  precept'?  data  on  plastic  laminates  which  are  necessary 
for  the  specification  of  reinforced  plastic  materials  to  be  employed  in 
the  manufacture  of  structures  for  naval  ordn,ance  devices..  It  is  believed 
that  they  are  sufficient  for  trie  specification  of  design  models  and 
prototypes o However,  ccnc-irront  with  tests  on  these  units*  considerable 
data  must  3t0.ll  be  gathered  on  the  influence  of  such  factors  as  sea  water 
immersion,  transportation  ‘ribr&tion,  impact*  dead  loads,  and  outdoor 
exposure  and  or  variable  o verage  tenperatnres  and  humidities * These 
further  data,  are  necessary  kcfc^c  satisfactciy  3orv ice  life  can  be  assured 
on  materials  subject  to  the  more  stringent  eriviroimiental  conditions* 

Test  panels  for  the  program  discussed  in  this  Report  were  prepared  at  the 
Naval  Ordnance  Labors*  ary  on  its  precision  molding  pres?  and  were  then, 
sent  to  the  Forest  Products  Laboratory,  Madison,  Wisconsin,  for  preparation 
of  the  test  specimens,  testing,  and  reporting  of  nite  data..  The  work  at 
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Laboratory  are  incorporated  in  this  Sep  onto  The  work  was  originated  at 
the  request  of  the  Naval  Ordnance  Test  Station,.  Inyokeroj  Calif  orr  la  5.  and 
was  concluded  as  authoriieu  by  task  N0L“Rc-6a-2iSC“i2--53<<  The  data  reported 
herein  are  applicable  to  oil  those  applications  where  glass  fabric  rein- 
forced laminated  plastics  are  materials  of  ccns:U-.araiion  in  the  production 
of  ordnance*  They  do  not,  however,  represent  the  sum  total  of  the  data 
needed  for  this  purpose * 
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EVAKJATIQN  OF  GLASS  FABRIC  IffiJMPORCED  PLASTIC  LAMINATES 


INTHCSi/GTIQI'I 

I 

i 

. lo  The  program  to  investigate  the  properties  ox  gias3-fabric -reinforced 

plastic  includes  an  evaluation  of  the  physical,  mechanical,  and  electrical 
proper-ties  of  specific  laminates  as  molded,  as  well  as  the  effects  of  a 
number  of  variables  on  these  properties* 

2„  It  is  the  purpose  of  this  investigation  to  evaluate  the  properties  of 
laminates  made  of  two  refin  types,  polyester  and  phenolic;  five  different 
glass-fabric  weaves;  two  different  types  of  yarn;  two  different  finishes; 
four  different  thicknesses*  five  different  resin  contents;  and  tested  at 
seven  different  temperature s* 


Preparation  Of  Test  Panels 

3»  All  of  the  laminates  for  this  investigation  were  sue plied  by  the-  Naval 
Ordnance  Laboratory o The  panels  were  all  purc.li.el  laminated  with  glass 
fabrics  using  either  a polyester  or  phenclic~typ3  resin  as  follows: 


All  polyester-resin  laminates  were  i--e.de  using  a wet  lay  up  procedure 
and  an  effort  was  made  to  eliminate  the  mix  from  the  piece*  Six  hundred 
PT  Cellophane  was  used  to  contain  the  wet  pex.el*  After  lay  op  the  Cello- 
phane van  scaled  with  scotch  l<apo,  after  which  the  panel  was  rolled  with 
a steel  roller  until  the  air  had  been  elindnated,,  The  entire  operation 
required  approximately  1 hour*  The  panel  teas  then  placed  in  a Baldwin- 
Southwark  precision  laminating  press  aid  pressure  was  applied*  Approxi- 
mate!:/ 5>  hours  were  required  to  produce  a good  solid  gel  at  room,  temper- 
ature* At  completion  of  this  preliirJL’iary  curing  condition  under  pressure,, 
the  laminate  was  removed  from  the  press  and  placet,  in  an  oven  operating 
at  IlO-F  for  2h  hours  to  complete  the  curs*  The  resin  end  catalyst 
system  used  was  as  follows: 

Resin:  paraplex  P-U2  (Rohm  aad  Haas  Qo0) 

Catalyst:  1*25  percent  DBM  (Methyl  ethyl  ketone  peroxide) 

Accelerators  1*00  percent  Nuodex  ( t percent)  (Cobalt  Napht-henate) 

Ail  phenolic  laminates  ware  made  using  a dry  lay  up  procedure « The 
required  number  of  plies  of  prsimpregnaped  glass  cloth  were  cut  and  laid 
in  position  on  Cellophane  (600  PT)  after  which  they  were  sealed  in  with 
scotch  bap e0  The  piece  was  then  placed  in  the  3-xidvin-Southwai-k  precision 
laminating  press  and  pressure  was  applied.  After  the  desired  pressure  had 
been  reached,  heat  was  spoiled  to  the  platens  and  the  piece-  was  maintained 
at  a ter.roerat.urs  of  300°  if  5°F  for  1 hour  to  effect  cure*  At  the  end  of 
this  heating  period  the  press  was  cooled  to  ambient  temperature  and  the 
panel  was  removed*  The  impregnated  cloths  had  the  following  characteristics 
before  cure: 


^Ecab’jKIT'&jpr egaat ed  glass '"cTotK  was  ircatocT'Sy' rlurlocn  Products,  r; Inc 
Plastics  Division,  htiver  Range,  Michigan 
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Resin:  Bakelite  BV  17085 

Resin  content;  Approximately  35  percent 

Volatile  matter;  6-0./2  percent  volatile  matter  (determined  by 
ICMoinute  exposure  at  l60°C) 

Farther  molding  data  are  given  in  Table  1* 


Test  Methods 


Uo  The  test  procedures*  in.  general*  conformed  to  the  methods  specified 
in  Federal  Specification  ror  Plastics,  Organic:  General  Specifications, 

Test  Methods,  Mo,  L~P«Jh06a  ar.d  amendments  thereto o The  following 
mechanical,  physical,  and  electrical  tests  were  made  on  the  specimens 
from  each  ox  the  panels  X'eferred  to  in  Table  10 


Mechanical  teats 
Tension  • Method  1012. 

Compression  - Method  1021 
Flexure  - Method  1031 
Shear  (double)  - Method  10Ul 
Izcd  impact  - Method  1073. 

Physical  tost 3 

^atoF"  Absorption  Method  7031 

Dimensional  change  - Method  7031 
Specific  gravity  - Method  5012 

Resin  content  ~ 


JJO.WU  Ui  XW.-4.  *.  O JUX  Vio L> 

Power  '£zCcZor~y'  Z. 
Dielectric  constant  i 


So  The  specimens  fox'  the  mechanical  and  physical  tests  were  cut  from  tbs 
panels  by  means  of  a cui-'oeximdum  taw,  aau  when  f arther  shaping  was 
necessary,  a fine  emery  wheel,  on  a vortical,  spindle  was  usedo  The  speci- 
mens m machined  were  stored  for  at  least  a week  prior  to  test  at  75°F  ± 2°F, 


I^P-iiOSa  has  no  jeothod  so  MSAF  Specification  120U9,  paragraph  F-6b(U) 
was  use dG 


~ The  dielectric  constant  and  power  factor  uei*e  determined  at  a 


cuency 


of  8,530  megacycles  per  second,  by  use  of  a "Microwave  Dielectrometer" , 
Model  2,  manufactured  by  Central  Research  Laboratories,  Inc0,  Red  Wing, 
Minnesota,  Actually  v.Ixg  loss  tangent  was  determined,  rather  than  power 


“T OZ'  1 fy?.T.  + ^ 


Is-  r,  4.  u _ ,.x  • _ n 

tA«wxx  ’»*•>»  uxa-  cc  ^ {3 3 


difference  between  loss  tangent  and  powei*  factor  does  not  exceed  1 units 
in  the  fifth  decims..  place,  vhicn  “a  less  >-har»  the  experiment;!  error  or 
the  error  i&t-rodacsd  by  rounding  off  ths  results  to  four  decimal  daces* 
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50  ± 2 Tj  ^TV'.nTvr*  Hcclisii^_c3X  tio cti  cp cciincn g in  O^rcv^p  ^ 

were  held  at  the  test,  temperature  for  1/2  hour  before  testo  Temperature 
measurements  with  a thermocouple  shoved  that  the  test:,  temperature  was 
attained  after  10  minuter,  exposure;  however,  an  additional  20  minutes 
was  ailoued  before  testings  The  specimens  for  the  electrical  tests  were 
roughly  shaped  on  a Do  all  band  saw  and  then  finally  shaped  with  machine 
tools  and  emery  paper© 


Discu  ssion  Of  Re  salts 

A0  Evaluation  of  Laminates  Made  of  Fabrics  of  Different 

Weaves  and  Yarn  Types 


Variations  Mi  Fabrics 


60  General o The  investigation  was  concerned  with  the  variation  in 
physical,.  mechanical,  and  electrical  properties  of  loidnates  made  with 
fabrics  of  different  weaves©  Five  cloth  styles  which  included  three  types 
of  weaves  wore  investigated r. 

7©  Resin  content©  The  resin  contents  of  the  polyoster-typ  s laminates 
are  gi'eater '"■fiiaa- Tho se  of  the  phenolic  type  haying  resin  contents  which, 
range  from  32*7  to  uu«7  percent  as  compared  triv-h  the  phenolic-type 
laminates  which,  range  from  22*3  to  29*3  percent > A comparison  of  the 
la  iinate  with  Hi',  finish  shows  that  the  123-type  fabric  has  the  highest 
resin  content  in  its  particular  resin  class*  In  each  rosin  class  there  is 
a duplication  of  panels  made  with  lt>i~IXU~225  fabric*  The  resin  contents 
of  these  duplicate  panels  are  very  nearly  equal* 


Go  Specific  gravity*  The  rajority  of  the  panels  in  Group  1 
gr-araHee  wticH  vary  from  1,635  to  1.7X0  (Table  2,  Column  U)« 


1 have  specific 
Thera  Ore 

two  panels,  however,  (panels  1,2  aid  1*6,  Table  3.)  which  are  considerably 
below  this  range o Both  of  them  wore  made  of  phenolic  resin,  one  with  128- 
HU  and  the  other*  with  l61j— 'JlU  fabric*  Except  for  thes3  two  panels,  the 
values  are  within  the  range  usually  found  in  glass-fabric-base  laminates* 

It  was  found,  however,  that  duplicate  panels  made  c*f  these  two  fabrics  and 
phenolic  resin  had  about  the  sane  specific  gravities  as  those  tabulated  so 
it  was  concluded  that  this  low  specific  gravity  was  because  of  insufficient 
resin  on  the  fabric  thus  allowing  too  little  conpresuion  of  the  plies  in 
the  fabrication  technique  employed* 

7©  Water  absorption  and  dimensional  duiuge*  There  were  considerably  more 
pores  or  voids  in  the  Tdmlnates  (panels  iTF* and  1*6)  having  low  specific 
gravity  than  in  the  other  laminates,  which  were  void-free*  This  fact 
accounts  for  tiie  high  Values  of  water  absorption  for  these  two  panels  (Table 
2,  Column.  5)o  f c-omp-rieo a of  values  dhows  that  the  water  absorption  of 
laminates  fabricated  i;i  •l<il  polyester  resin  is  xindcr  G*lU  percent  sxid  that- 
the  values  from  phenolic  lac.ino.tes  are  over  0*62  percent* 


1 A ^ ^ .1 it  4-  - Q • * » 

©--•u  c;  Lyiuuius  e Oj  itiuca  presents 

to  water  absorption  shows  that  the  greatest 
email  values  are  typical  of  glass-fab^ic-ba 


the  dimensional  change  due 
change  is  0©52  percent*  The 
s&  laminates* 
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d lao d impact  strengths-,  Figure  1 also  shows 
ergub.  vaLuesTor  oortnrc.ssion,  shear,  and  Isoc. 


shear,  and 

graphically  "average  streri 
jimart,  Fine©  all  of  the  panels  were  parallel.  Xswin&t«j»3,  these  strength 
values  show  the  relative  strengths  at  0°  and  90°  to  the  warp#  The  lU3~ 
llU  fabric  is,  of  course.,  tm  strongest,  of  the  fabrics  in  the  0°  direction 
and  the  weakest  in  the  y0°  direction,  The  oanor  rabrics  arc  not  so 
unidirectional#  The  laminates  made  with  181-typh  fabric  have  higher 
strength  values  in  compression  and  shear  then  do  the  other  laminates  tented 
but  are  weaker  in  impact  strength*  The  compressive  and  swear  strengths 
of  a given  fabric  fabrSon-t-ed  with  phenolic  re sir  are  generally  lower  than 
for  the.  same  fabric  loiainatec  with  a polyester;  however,  the  reverse  is 
true  of  thoir  impact  strengths#  The  laminates  having  voids,  that  is,  the 
1?8  and  l&t)  fabrics  having  phenolic  rosin  binder.-  are  definitely  weaker 
in  all  proportae-So 

12#  Tension*  The  tensile  p-epertics  of  the  various  glass-fabric-base 
laminates^,  as  shown  in  Group  1 of  Table  3,  are  listed  under  two  major 
headings,  modulus  of  elastic  -ty  and  stress*  Those  values  serve  to  defile 
tUi  &v<wa.g«j  stress- strain  cur  "e  for  the  material  in  quo stion.-.  Such  aa 
average  curve  has  been  reproduced  (Figure  2)  for  each  material  in  its 
two  principal  directions*  A comparison  of  the  so  stress-strain  curves 
shows  that  the  lii3  fabric  is  highly  unidirectional  and  that  even  though 
all  nnnels  UCiTg  pqf  filloX  lsS.ulwtiOd^  tih^  0°  Slid  90°  properties  of  the 
other  laminates  are  nearly  equal*  The  proportion-!  limit  values  of  all 
the  laminates  are  a 32E.a!Ll  percentage  of  the  maximum  streps*  The  meaning 
of  tliis  low  value  is  questionable  since  the  portion  of  the  stress-strain 
curve  above  it-  is  also  a straight  line  for  most  of  the  materials*  There 
was*  however,  a definite  break  at  this  point  for  i ost  of  the  materials* 
Previous  <3Xperiment3  have  shown  that  if  these  materials  are  prestressed 
beyond  the  apparent  initial  proportional  limit,  a paw  modulus  of 
elasticity  and  proportional  Limit  are  established,^.  Tho  new  modulus 
of  elasticity  has  a lower  value  than  the  first  une  -and  might  be  about 
equal  to  the  second  straight  line  ox*  a secant  modulus,  depending  on  the 
amount  of  prestressirg*  For  this  re  a sen,  the  secant  modulus  at  0*2 
percent  strain  offset  has  been  computed®  Secant  modulus  ot  0*2  percent 

grfcr*fv\  n QXXEQ”b  ‘•J-iiS  ilOTr  O D t hi jLijill?  J_t?  ±QZ*  1 w fvfr.  o v*  5_ fij_ *20  ■hfa&L'fe  egennf. 

modulus  at  0*1  oercent  straix  offset  was  also  connutsd# 


1%  The  laminates  which  had  the  lowest  strength  are  again  those  which 
wore  iiiciuG  of  phenolic  re a.L:i  ana  0 .l c*k  r or*  Iclj  f cbi-^c * These  Isi;, memos 
Contained  Voids  which  caused  poor  bonus  between  the  laminations  of  f abide# 
The  fracture  of  specimens  fiom  those  laminates  was  a countering,  broondsg 
type,  which  delaminated  from  the  break  toward  the  grip*  The  void-free 
specimens  had,  in  general,  cleaner  br-oiiks  across  the  net  section* 

lie  Florero,  The  results  of  the  flexural  tests,  Group  1 of  Table  5, 
chow  s’trength  values  coiapax-able  to  those  shown  for  the  tensile  tests* 

The  flexural  properties,  however,  show  higher  proportioaal-lir.13 1 values 
and  the  average  load-deflection  curves  (Figure  3)  do  not  exhibit  dual 


— Werren,  Fred,  Effect-  of  Pro  stressing  in  Tension  01*  Goiopr-e  ssion  c-n  the 
Mocb.nri.c-fL  properties  of  two  Glass~lubric*-*baso  Plastic  Laminates* 
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straight  linos®  The  flexural,  stresses*;  being  t\  oombljaatiou  of  tension 
aid  compression  stresses  shov  hy  e detailed  comparison  about  the  same 
illation  aroong  materials  as  ilia  tensile  tests® 

15,  Electrical  properties®  Any  variation  in  electrical  properties 
attributable  to  variations  in  fabrics  was  too  small  to  be  detected  in 
the  presence  of  the  normal  experimental  errors® 


Series  2®  yar5.ations  in  Yarrs 


l6o  Series  2 of  this  investigation  deals  with  variations  in  v.he  physicttl, 
mechanical*  and  electrical  properties  resulting  from  a variation  in  yarn 
Hccunttt,  which.  is  an  indication  of  the  number  of  yards  of  basic  strand  per 


pound  of  yarn®  The  evaluation  of  these  properties  was  obtained  from  panels 
fiSOG  Of  18 1’* ill 4 fabric-  with  Loth  polyester  and  phenolic-type  resin®  Thu; 
yam  count  of  one  set  of  panels  was  1?0  (15>,000  yards  of  basic  filament 
per  pound)  and  that  of  the  second  set  was  225  (22,500  yards  of  basic 
filament  rscr  wound") « 


17c  The  results  short;  that  a difference  in  yam  count  did  .not  greatly 
affect  the  specific  gravity,  percentage  water  absorption,  ultimata  com** 
preserve  strength.  or  flexural  strength  of  laminates  made  with  either 
tvna  of  resin*  Neither  did  this  difference  significantly  affect  either 
the  flatwise  shear  strength  of  polyester- type  laminates  or  the  Izod  impact 
and  tensile  strengths  of  the  phenolic-type  laminates o This  difference  an 
yarn  count  seemed  to  affect  only  the  flatwise  shear  strength  of  the 
phenolic-typo  laminate  and  the  Izod  impact  and  tensile  strengths  of  the 
polyoster-tvpe  laminate®  These  et.  t igths  were  affected  to  the  extent 
that  the  laminate  v;ith  150-count  yarn  was  stronger-  in  impact  and  tension 
but  weaker  in  shear® 


IB®  Electrical  properties®  No  variations  in  electrical  properties  due 
to  variations  in  yarn  coun£  could  be  detected,  because  if  present,  they 
are  smaller  than  experimental  error  and  vaHLatinmi  attributable  to 
differences  in  rosin  content:. 


Series  3o  Variations  in  Finish 


19o  The  evaluation  of  the  effects  of  different  fabric  finishes  on  the 
properties  was  obtained  from  laminates  made  ■with  both  polyester  and 
phenolic- type  resins  in  combination  with  the  131-136  fabric  for  compariijon 
with  those  obtained  from  laminates  made  of  l0l-llk~22‘>  fabric 0 The 
results  of  the  physical  tests  show  that  the  specific  gravities  of  the 
laminates  with  136'=  typo  finish  are  less  than  those  with  LLk-type  finish j 
The  phenolic  laminate  with  136  finish  contained  some  voids  which  caused 
greater  water  absorption  and  dimensional  changes  Limn  were  experienced  :la 
either  the  polyester  laminate  or  the  laminate  with  Ill;  finish  anc  phenolic 
resin®  It  should  be  noted  that  the  136-type  finish  was  intended  primarily 
•;c  improve  the  wet  strength  of  a laminate  but  wet  strength  tests  were  not 
a part  of  this  evaluation-  The  results  of  the  dry  strength  tests  show, 
however,  that  the  136  «typo  finish  with  polyester-type  resin  had  comeres- 
sive.  shear,  tensile,  arid  firaniral  strengths  equal  to  or  less  than  the 
llli-type  finish®  The  Izod  impact  strength  showed  a slight  Improvement, j 
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AH  of  the  strengths,  however,  from  the  phenolic  panel  with  136  finish 
were  less  than  those  with  114  finish.  Some  of  thi3  deficiency  nay  be  a 
result  of  the  low  specific  gravity,, 

20*  Electrical  properties.  A ny  effect  of  variations  in  finish  on  elec- 
trical properties  v/as  small,  tv i negligible  in  comparison  to  the  effects 
of  resin  content  and  the  normal  experimental  error  inherent  in  determin- 
ations of  this  kind, 

D.  Group  2*  Effect  of  Laminating  Conditions  cn  the  strength 
of  ria3tics 


21.  General,  The  evaluation  of  the  effect  of  certain  laminating  and 
fabricating  conditions  on  properties  of  glass-fabric-base  plastics  wa 3 
conducted  on  one  combination  or  materials,  18 1-114-225  fabric  plus  a 
polyester-type  resin.  This  evluation  includes  (1)  the  fabrication 
variable  of  thickness  and  (2)  the  combined  effect  of  varying  the  resin 
content  and  pressure  during  fabrication.  To  evaluate  these  effects,  the 
same  physical,  mechanical,  and  electrical  tests  were  conducted  on 
laminates  in  Group  2 as  were  conducted  cn  laminates  in  Group  1, 

22.  Resin  content.  The  resin  content  of  the  panels  in  Eerie:;  5 varies 
from.  21.8  to  41,6  percent.  The  desired  range  for  this  series  vms  from 
20  to  50  percent  which  was  to  bs  accomplished  by  a pressure  variation 
from  395  to  2 pounds  per  sou -re  inch.  The  2 pounds  per  square  -inch 
pressure,  however,  resulted  xn  39«5  instead  of  50  percent  resin  content. 
It  may  be  noted  also  t hat  the  6l  pounds  per  square  inch  laminating 
pressure  (panels  1,7  and  1.9)  resulted  in  a 33*2  percent  resin  content 
which  is  greater  than  the  30.0  percent  resulting  from  a pressure  of  45 
pounds  per  square  inch,  aid  of  v.hich  means  that  the  resin  content  is 
dependent  upon  factors  other  than  pressure, 

23.  Jr.ec  If  ic  gravity.  A3  the  resin  content  increases,  the  specific 
gravity  decreases,  which  is  as  expected,  since  glass  is  he.avi.er  than 


24.  hater  absorption  and  dimensional  stability.  A comparison  of  the 
water  absorption  values  as  shown  in  Table  2,  Column  5,  indicates  that 
the  percentage  of  water  absorbed  increases  when  the  thickness  of  the 
laminate  is  decreased,  '■’he  values  range  from  0.05  percent  for  l/2-inch~ 
thick  material  to  0.22  percent  for  i/Ib-ineh-t hick  material. 


25o  It  appears,  by  a comparison  of  values  on  Series  5.  that  the  resin 
content  has  little  effect  on  the  water  absorption  except  that  at  21,8 
percent  resin  content  the  percentage  is  higher  than  normal,  with  a value 
of  0,36  percent, 

26.  The  values  for  dimensional  change  appear  to  be  unaffected,  by  size 
or  resin  content  as  shown  by  Table  2,  Colun3n3  6 to  8 for  Series  4 and 


27.  Compression,  a hear  arid  Izod  Impact  strengths.  The  effects  that 
laminating  conditions  have  on  the  compression,  3 hear,  and  Izod  impact 

— 1 1 «■.  r.  » — — V-  n t 4 w.  '2  '*  •-“•✓V  S 7*.,  iv , v"4  4"  *.  1 h — 4"  V-  r «U  1,  ..mm 

O oii  C OiiO>»Tll  J-1L  f *4.  i :jkou  uilUu^n  o v/i  v viivwvi 

laminates  may  be  affected  by  their*  molding  pressure  as  well  as  by  their 
resin  contents,  the  combination  of  these  effects  X3  shown  plotted  as  a 
function  of  resin  content  only. 


6 


23 » This  visual  comparison  of  values  and  those  presented  in  Tables.  *+* 

6P  and  7 shows  the  following  trends* 

a.  The  edgewise  compressive  strength  increases  with  increases  in 
thickness  fro  a.  1/16  inch  to  1/4  inch;  the  strength  of  the.  1/ 2-inch -thick 
laminate  is  about  the  same  as  that  of  the  1/4 -inch  laminate. 


b<,  The  flatwise  shear  strength  of  these  laminates  shows  very 
little  increase  in  strength  with  increases  in  thickness. 

Co  The  edgewise  Izod  imoact  strength  also  increases  with  increase 
in  t iclcnes s , having  values  of  about  11  foot-pounds  per  inch  of  width  at 
1/8  inch  and  17  foot-pounds  at  1/2  inch  of  thickness, 

d.  The  edgewise  compressive  strength  appears  unaffected  by  resin 
content. 


e.  The  flatwise  shear  strength  decreases  slightly  with  increase  in 
resin  content. 


fo  rhe  edgewise  Izod  impact  strength  decreases  with  increase  in 
resin  content, 

29,  Tens  ion,  Figure  5 presaits  graphically  the  results  of  tensile 
tests,  which  are  tabulated  in  Table  3,  to  show  the  effect  of  laminating 
conditions  on  tensile  properties  of  plastics.  This  figure  snows  that 
both  the  maximum  tensile  strength  and  the  secant  iuudulus  at  0,2  percent 
strain  offset  are  reduced  by  an  increase  in  resin  content.  The  tensile 
strength  decreases  from  53,000  pounds  per  square  inch  at  21,8  percent 
resin  content  to  29,380  pounds  per  square  inch  at  41,6  percent  resin 
content  or  about  1,250  pounds  "or  squaro  inch  change  in  stress  per  percent 
change  in  resin  contort.  The  secant  modulus  decreases  about  37, COO 
pounds  per  square  inch  per  percent-  change  in  resin  content. 

The  proportional  liait  stress  appears  to  be  unaffected  by  either  resin 
content  or  thickness  of  the  laminate,  Due  to  the  scatter  of  points,  it 
is  difficult  to  determine  the  trend  indicated  b-  the  points  for  effect- 
of  thickness  on  secant  modulus  or  maximum  tensile  strength,  although  there 
is  3ome  indication  that  ta-isile  strength  increases  with  Increasing 
thickness, 

30,  Flexure,  'fhe  results  of  the  flexural  te  ;ts  as  shown  on  Figure  6 
Indicate  decreases  in  modulus  of  rupture  and  secant  modulus  as  a result 
of  increases  in  either  thickness  ox*  resin  content.  Slight  increases  in. 
compressive  and  tensil.e  strength  wens  observed  with  increases  in  thick- 
ness, yet  these  flexure  tests  show  a decrease  in  strength  with  increases 
in  thickness.  The  decrease  in  modulus  of  rupture  vdth  increase  in 
resin  content  is  in  agreement  with  the  tensile  test  results, 

31,  Electrical  properties,  He  effect  of  panel  thickness  on  dielectric 
constant  and  paver  factor  was  discernible. 
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32.  The  dielectric  c 
relation  to  their  resin  content,  as  illustrated  in  Figure  10. 
dielectric  constant  decreased  -as  the  resin  content  increased. 


—x  i.l 

OUJ.X*VAIlg 

The 

which  would 


be  expected  if  the  dielectric  constant  of  rlass  is  higher  than  that  of 
the  polyester  resin.  There  is  a certain  aruount  of  scattering  of  the 
points,  but  it  appears  Mint.  t.Vie  resin  content  - dielectric  constant  curve 
follows  an  approximately  straight  .lire  over  the  range  investigated. 


33 » The  power  faeocr  of  the  polyester  laminates  was  ap  'roximabely 
constant  over  the  range  of  resin  content  investigated,  suggesting  that 
the  power  factor  of  the  polyester  resin  nay  be  approximately  equal  to 
that  of  the  glass  U3ed„  The  newer  factoi'  of  panel  4»3  appears  %3iy  low 
(and  a low  power  factor  is  desirable)  but  this  may  not  indicate  a real 
superiority  of  this  panel  in  this  respect „ The  data  on  this  panel  turned 
out  in  such  a way  that  in  the  course  of  calculation  of  power  factor 
most  data  were  not  usable  because  they  were  outside  the  range  of  certain, 
curves  used  for  calculation  purposes,  hence  the  figure  reported  is  one 
single  value  rather  than  the  average  of  several,  and  it  is  believed  to 
be  too  low. 


34«  The  points  lor  dielectric  constant  and  power  factor  of  the  phenolic 
resin  lamina tos  would  be  crowded  both  on  Figures  10  and  11,  and  there 
appears  to  be  little  relation  between  resin  content  and  electrical 
properties.  No  alotjupi  was  made,  therefore,  to  plot  the  points  but 
instead  a circle  was  drawn  on  each  figure , which  would  enclose  all  points 
for  phenolic  laminates  except  a few  representing  panels  of  abnormally 
low  specific  gravity  ana  which  in  some  cases  contained  voids. 


35-  If  a low  dielectric  constant  and  power  factor  are  considered  desir- 
able, then  of  the  materials  Lasted  ail  pu lyes ter  laminates  tested  having 
resin  contents  of  30  percent  or  over  were  superior  to  the  phenolics  in 
respect  to  dielectric  constant,  and  all  polyester  panels  regardless  of 
resin  content  were  superior  to  the  phenolics  in  power  factor. 


oA 
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From  the  results  on  both  polyester  and  phenolic  la.oinates,  it 
appears  that  a certain  weight  or  percentage  of  glass  has  a certain  effect 
on  electrical  profiertios,  irrespective  of  the  manner  in  which  the  glass 
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li.  uroup  3.  Variation  of  Strength  T roperties  Because  of 
Evaluation  Conditions 


37*  General.  The  thirl  grew. • • of  tests  was  conduct -cd  to  determine  the 
effect  of  a specific  evaluation  condition  — temperature  at  the  time  of 
test,  lech  nicai  tests  were  conducted  on  test  specimens  at  temperatures 


of  -65°F,  -30°F,  CPF,  3o°F,  ?5°F,  12C°?  and  l60°i'o  Specimens  were  held 
at  the  respective,  temperatures  for  l./V  hour  before  test.  Physical,  and 
electrical  tests  ware,  however,  conducted  at  room  tempo ratva’a.  Average 
values  of  strengths  obtained  are  shown  on  the  various  tables.  These 
values  are  shown  also  in  Figures  7,  8.  arid  9. 
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in  Table  2 for  Group  3,  which  ware  obtained  at  room  temperature,  show 

now  nearly  identical,  the  panels  are  to  each  other..  The  panels  having 

polyester-tyrxi  resin,  for  example,  have  resin  contents  between  30,0  and 
36,4  percent.  The  pair  cf  control  panels  in  Group  1 had  re3in  contents 
of  33s 4 snd.  33  s?  popcorn* , !r  7x?  c ti y0 ly 5 Ths  p^insl.G  h&viryj  phoncXic** 
type  resin  3how  even  lass  variation  — the  range  is  23 o3  to  23*9  percent* 

The  specific  gravity  and  water  absorption  values  in  Table  2 also  show  a 

uniformity  of  result sD 


siiown 


39 o I.'echanical  properties*  All  of  the  mechanical  test3  in  Group  3 nay 
be  discussed  together  because  they  show  the  some  trend*  The  data  on 
Figxres  7,  8,  and  9 show  chat  for  increases  in  temperature  from  -65°F  to 
160°F  there  is  a decrease  in  strength.  That  decrease  in  strength  is 
greater  for  the  laminates  having  pclyester-type  resin  than  for  the 
laminates  having  phenolic -type  resin*  The  trends  are  shown  by  broken 
lines  tlirough  the  scattered  points.  The  scatter  i3,  of  course,  due  to 
the  act hod  of  matching  the  specimens  in  this  series  of  tests,  Bach 
point  represents  the  average  value  from  five  specimens  from  a given 
oanel  so  that  the  scatter  includes  the  variation  between  panels.  The 


trends,  however,  are  well 
ioaximum.  The  a tresses  at 
in  tension  shov.  no  trend 
trends  (Columns  8 and  9 o: 

4-y*  f- !>■?»»•  1 \/oU  o-Tt^ 
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defined,  except  for  tensile  stress  below 
intermediate  points  on  the  stress-strain  curve 
(Table  3,  Group  3,  Column  7)  or  slight  upward 
r Figure  8),  TTo  particular  significance  i3 
because  the  initial  tangent  modulus  (Column  4) 


decreases  with  increases  in  temperature  the  sane  as  Ub  other  strength 
properties.  This  decrease  in  modulus  indicates  a flatter  inxtial  slope 
■and  hence  a greater  strain  and  stress  at  the  0.1  or  0,2  percent  strain 


offset  than  experienced  at  the  lav  tompe  atui-e.% 
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Ac  Group  1.  Evaluation  of  Laminates  I'ade  of  Fabrics  of 
Different  weaves  and  Yarn  Types 


J+Cc  TTie  tables  and  chart3  show  major  differences  among  the  materials 
such  as:  (l)  The  unidirectional  property  of  lad  weave;  (2)  the 

detrimental  effect  of  voids  and  lav  specific  gravity;  and  (3)  the  small 
change  in  strength  due  to  a difference  in  yarn  type..  The  effect  of  136- 
tvps  f~  : 1.3  not  inclusive  t?oc5.usg  of  tJic  gio.nyj  contort  of*  f-bo 
panels  iested0 


41o  The  results  show  also  the  reproducibility  of  values  from  two  identical 
panel s , This  reproducibility  nay  be  seen  by  comparing  the  values  in  Series 
1 obtained  from  panel  1„Y  with  those  of  1,9  or  the  values  obtained  from 
panel  i~fi  with  those  of  1.10,  The  average  test  values  obtained  from 
identical  panels  are  In  ruch  close  agreement,  that  they  were  averaged  to 
give  a value  which  represents  the  strength  for  that  particular  combination 
of  materials.  This  representative  value  was  then  used  for  comparative 
purposes  in  each  series  which  followed, 

42c  Electrical  properties.  The  dielectric  constant  and  power  factor 
appeared  to  be  affected  little,  if  any,  by  variations  in  fabrics,  yarn 
count,  or  finish.  Any  differences  in  these  electrical  properties  that 
may  have  resulted  from  variations  5ji  these  factors  were  so  snail  that 
they  are  within  the  limits  of  experimental  error, 

B,  Group  2,  Effect  of  Laminating  Conditions  on  the  Gti-ength 
or  Plastics 


43,  The  data  obtained  in  Group  2 show  that  the  fabrication  variables, 
thickness  and  resin  crijiten'c,  do  affect  the  mechanical  properties,  Tests 
of  laminates  which  varied  in  thickness  from  1/16  to  1/2  inch  indicate 
that  increases  in  t ickness  caused  increases  in  the  compression,  shear,, 
Izod  impact,  and  tensile  strength,  Flexural  strength  was  the  only  one 
which  showed  a decrease.  Tests  of  laminates  which  varied  in  resin  content 
from  21.8  to  41,6  percent,  showed  that  the  ::.hear,  tensile,  flexural,  and 


Izod  impact  strengths  decreases  with  increases  in  resin  con  bento 
compressive  stren^oi*  uppCcireCi  co  be  .iiiaffectect  by  resin  content.. 


The 


cup  3 c 


Variation  of  Strength  Properties  Because  of 
Evaluation  Conditions 


44 o The  results  show  that  the  strong  h of  glass  fabric-base  laminates 
fabricated  vdth  either  a polyester-  or  phenolic -type  re3in  decreases  with 
increases  in  temperatures  at  time  of  test;  also,  that  those  with  po3.y ester- 
type  resin  decrease  more  than  those  with  phenolic-type  resin.  The  exact 
amounts  of  these  decreases  vary  with  the  mechanical  test.  The  amounts 
are  shewn  in  the  tables  for  particular  applications. 
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Table  1 0 —Fab  r-i ca  tl  on  methods  ucod  in  maBinc  larainated  panel3  of  glass 
fabric  with  typical  polyester  and  phenolic  resins 


I 


Panel  If©< 


Naval 
Ordnance 
L aborator"- 


Resnn^ 

type 


Type  of 
Clasp, 
fabrics 
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of  : r.esoS;  — 

plies!:  : Tines  Teaf»  : Prefer 


• OA  Ck  • V*  UA  V 

z iyurs  • 


: ^Xla  1 ,r,y:  °F«  sPoSoi,, 

GROUP  ! ->  VARIATIONS  IN  FABRICS 
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• 

• 

15 

• 

• 

.131 

: 1 2 

3CO 

• 

“V7 

(Pace  1 of 

3} 

7 
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Table  1,— Fabrication  methods  used  in  flaking  laminate^  panels  of  glass 

fabric  with  typical  polyester  and  phenolic  resins  (Continued) 


Panel  No 

Resirr1 

type 

Type  of 
filass? 
fabric- 

Numb  er i Thick- 
of  ^ineseit 
plies*: 

• 

• 

• 

Cure  cycle 

Naval 
Ordnance 
Lab  ora  tor:/’ 

F.P.L© 

Timejxem-  :Pres'- 
; pera-:  sure 
:turs  : 

: In© 

Uys  • v1?  • P c n 

-Hi  it  • i » • f (i^sJ.,1 

Series  3 ~ Variations  in  FLPLolt 


269GPI.2149 

• 

3-1  : Polyester  : lfil-136  i 

15 

: 0 

-179  i 

5 

: 75 

A 

A 

63. 

• 

• 

• • » 

• • * 

• 

• 

• 

24 

: no 

A 

n 

V 

-.'“S'!  o-  ft;. 

1 

3«:2  : Phenolic  : 181-336  : 

15 

• 

• 

-163  : 

1 

? 300 

A 

* 

40 

Gi  Vujj  2 — *•  V ARlVTIOriS  IN  FADtti GaHON 

PROCEDURE 

Scriaa  4 — ■ Variation  in  Thickness 

269GP5394 

• 

• 

60 1 : Polyester  : 181-1X4-225  s 

64 

• 

• 

©532  : 

5 

* 75 

A 

• 

61 

• 

: : i 

• 

* 

• 

All. 

c 11  A 

A 

0 

269GP2675 

* 

• 

x.o3  t © © 0 < do© © ♦ © * : loX-11^2^5  • 

32 

A 

• 

©266  's 

5 

s 75 

• 

61 

♦ 

• 

• ♦ t 

• • • 

* 

• 

» 

• 

24 

: no 

• 

0 

269OPO674 

• 

• 

t+Q  0 * 0 6 0 «dOo  O 0 • O*  * 

8 

. 

0G66  ; 

5 

: 75 

• 

A 

61 

• 

• 

• • • 

4 a • 

9 

* 

24 

: no 

• 

*> 

0 

Series 

5 — Variation  in  Molding  Pressure  and  Resin.  Content 

269QP11132 

• 

• 

5ol  i Polyester  : I61-I1V225  : 

10 

• 

• 

©111: 

5 

: 75 

t 

2 

• 

• 

• • • 

• • • 

• 

• 

; 

24 

: no 

• 

• 

0 

269GP12103 

• 

5 o3  • 0 0 0 0C10  • 0 0 0 0 • X / 5 • 

12 

• 

• 

ox.;0: 

• 5 

t 75 

A 

10 

• 

* 

• * • 

• • • 

• 

a 

• 

24 

: no 

• 

0 

269GP11104 

• 

• 

5«r  * 9 C 3 0 do  0 0 0 O • t X&Xfci.i.lj^.®*^<-2  • 

14 

: 

©119: 

5 

i 75 

A 

45 

• 

• 

: : : 

• 

• 

• 

• 

24 

: no 

A 

A 

0 

269GP13130 

• 

• 

£ 7 • dr*  • ivV  ~£0K  • 

/B  [ *0000  >A{-*  0 e c ; s * d»va.  — £•£.  / • 

17 

• 

©136: 

5 

: 75 

« 

4 

395 

t 

: : : 

• 

• 

A 

24 

: no 

A 

• 

0 

(Page  2 of  3) 
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Table  1 0— ’Fabiicatjun  ir.ethods  used  in  making  lsr.ira.ted  panels  of  glass 

fabric  vat.h  typical  nolyeste:  and  phenolic  resins  ( Ccntirlueu ) 


Panel  Noe 

Reairi 

type 

Type  of 
glass 
fabric^ 

Number:  Thieve- 

~r»  -.K- 

plies^; 

Cure  cycle 

Naval  :F.PoIo 

Ordnance  : 
Laboratory  t 

Time: Ten-  :Pres~ 
: pera«":  sure 

ni  • 11  --  - 

• 

« 

: In* 

Hr*:  °F.  :P030i. 

GROUP  3 — VARIATIONS  IN  EVALUATION  CONbliluNS 
Series  6 — Variation  in  Temperature  at-  Tima  of  Teat* 


aap.^  m 

^v-yvjrx^x^p 

- 

/ 1 . T'>  — “ .. 

U01  1 x rscoci 

ft 

161  1 ^ ) ^OOC  • 

15 

:0o13S 

• 

• 

e 

• 

7K 

ft  ✓ 

• 

61 

• 

• 

• 

• 

• 

• 

w 

» 

• 

* 

24 

• 

■ 

1x0 

• 

r> 

V 

269GP13100 

• 

6o3  * o o m odOp  c*  • o 

ft 

o • 

181-U4-  225  : 

15 

l oUc 

• 

5 

• 

« 

75 

— 

61 

• 

♦ 

• 

ft 

c 

« 

24 

• 

no 

• 

• 

0 

269GF1398 

• 

• 

5 0 » .'.dOo  9 « 

c Z 

1S1-11/V225  : 

15 

: <>132 

• 

• 

5 

ft 

75 

• 

t 

61 

• 

• 

• 

ft 

• 

• 

• 

• 

• 

« 

o 

24 

3 

• 

no 

• 

* 

n 

569GF13102 

• 

• 

(5  o / ! * O A w O C C 

• 

5 - 

181-114-225  t 

15 

t »135 

o 

o 

5 

ft 

75 

< 

ft 

61 

• 

• 

• 

ft 

* 

• 

• 

© 

* 

24 

ft 

ft 

no 

r 

» 

0 

269GP141C0. 

• 

• 

6o9  • » <1 « #ao0 » » o 

• 

• • 

181-114-225 

15 

: o!45 

ft 

ft 

5 

S 

ft 

75 

• 

% 

61 

♦ 

• 

• 

« 

• 

• 

* 

ft 

n# 

ft 

no 

ft 

ft 

0 

269GP1399 

• 

* 

Alt.  rl-j 

Deli'  ft  O O • oUVo  090 

• 

O » 

181-114-225 

15 

: .3^6 

ft 

ft 

5 

ft 

75 

• 

• 

61 

• 

• 

2 

« 

« 

ft 

ft 

24 

ft 

no 

• 

« 

0 

269GB12139 

• 

6.2  : Phenolic 

• 

• 

181-114-225 

15 

z o i27 

• 

ft 

1 

«* 

ft 

300 

ft 

• 

37 

269GB1213S 

• 

6 o/t  ft  o «>  • O 0.0  0 0 0 3 

* • 

181-114-225 

15 

i C.125 

o 

ft 

1 

S 

300 

ft 

• 

37 

oAoray;  pi  37 

6*6  : s s * -do. . „ .. 

181-114-225 

15 

: o!26 

• 

• 

1 

• 

■4 

300 

ft 

37 

269GEl;?il6 

• 

• 

6„8  : „ 

181-114-225 

15 

? ,126 

ft 

ft 

1 

ft 

» 

3C0 

• 

ft 

37 

269GKL2135 

i 

Volt-  n«?«« vcv/ e o c •>  c-  • 

181^124-225 

1 5 

* ^ r»r 

* 

ft 

1 

: 

300 

« 

27 

269GE12134 

• 

• 

6ol#^  5 o a & i’/ClOo  u • » 

ft 

c • 

181-114-225 

15 

: P127 

ft 

ft 

i 

• 

3C0 

• 

« 

37 

1 

Polyester  resin  va3  Paraplex  P-43  ( Catalyst  System  of  1025  percent  DDH  and 
1 percent  Nuodrac)  „ Phenolic  resin  was  BaJ<:elite  BVI7085o 

2 

Detailed  descriptions  of  fabrics  in  U0  S.  A:Lr  Force  Specification  iin.  12051., 

3 

Plies  parallel  laminated  for  approximate  ?./<v-inch  thickness  except  series  4 
which  has  1/2-.,  3./4-.,  and  l/l6— inch  thicknesses  for  64;  3?>  and  8 p3.y  con- 
structions. renpecti/al.y0 

» 

<£ 

Average  of  30  measurements. 

5 

'.’he  temperatures  at  tine  of  te3t  are  listed  on  subsequent  tables  where  the 
effect  of  temperature  on  the  properties  in  shewn c 

(Page  3 of  3) 
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Title  2.--PhglciJ  properties  of  sing-  fabrlc-nase  plaetlc  iMljitea 


F.P.L. 

panel 

Factor#  inTastlgated 

Resin  ^ 
content- 

Specific 

o 

gravity- 

Water  * 

auaCrptiOZ^ 

Increase  In  dimensions 
due  to  vat-er  absorption* 

Ho . 

Length 

Width 

Thickness 

a) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Correct 

: 

Percent 

Percent 

Percent 

Percent 

GROUP  1 — VARIATIONS  M FABRICS 


ir.  — - --  - 

t igittuvur  jcm 


1 •» 

i ofl „ n U _ 

38.1 

1.815 

O.IJ 

• -0.04 

0.00  : 

0.26 

13 

143-114  - polyester 

37-2 

1.805 

.07 

: -.09 

.00  : 

.00 

1-5 

164-114  - polyoster 

38.1 

1.805 

.14 

: -.09 

•03  : 

-.pi* 

1.7 

181-111-225  - polyester 

33-4 

1.892 

.09 

: -.03 

.00  : 

-.24 

1 9 

181-114-225  - polyester 

33-7 

1.678 

.09 

: .03 

.03  : 

-.«*7 

1.11 

l8p- 111  - puiyeape? 

5? -7 

1.910 

.10 

: -.01 

-.03  T 

- .51 

1.2 

: i28-U.lv  - phenolic 

29.3 

1.485 

!-57 

-.02 

5 X . 

• *9  • 

.25 

1.4 

: 14T-11U  - phenolic 

94. R 

1-733 

,?4 

.01 

.0^  : 

.00 

1.8 

: 164-114  - phenolic 

24.8 

1.410 

2.29 

.04 

.0*  ! 

.13 

1.6 

: 101-114-225  - phenolic 

23.2 

1.815 

.94 

■ OP 

.07  : 

.06 

1.10 

: 181-114-225  - phenolic 

24.5 

1.848 

.62 

.03 

.00  : 

.26 

1.12 

: lflC-liH  - phenolic 

22.7 

1.726 

.81 

.04 

.00  : 

.52 

Seriee  2 — Variations 

in 

Tame 

?.l 

■ lP.l-ii4-i.50  - polyeeter 

33-1 

1.895 

• 

.13 

-.03 

.00  : 

.00 

2.2 

: 181-114-150  - jJienolic 

22.3 

i ,8ix 

• 71 

.00 

.02  : 

.00 

5 --  Variations 

in 

Finish 

3-1 

: 181-136  - polyester 

44.7 

1..756 

. 

.14 

.00 

.00  : 

no 

3-2 

: ioi-150  - phenolic 

36.5 

1.6 8? 

1 

1.57 

.02 

.10  : 

.61 

GROUP  2 — VARIATIOHS  IS  FABRICATION  PROCEDURE 

Series  4 — Variation 

In  Thickness 

4.1 

; 1/2  inch 

27.O 

1.975 

.05 

-.04 

.03  : 

.00 

4-3 

; 1/4  men 

28.3 

1.957 

.09 

.0u 

CO  * 

.00 

4.5 

: 1/16  Inch 

27-9 

1.987 

.22 

-.02 

.03  r 

.00 

Seriee  5 — Variation  in  Melding  ?rr“? 

an i Resin  Content 

*vl 

• C W • 4 
■ — r • 

39-3 

1 .796 

.16 

-.Ul 

-.05  : 

.00 

5-3 

: 10  p.e.I. 

41.6 

1.786 

13 

-.01 

.00  : 

-.15 

50 

: 45  p.a.i. 

5C.0 

1.936 

.17 

-.01 

.00  : 

.00 

5-7 

: 395  p.B.i, 

21.8 

: 2.030 

• 36 

-.02 

.00  : 

.00 

GBCTJP  J — VARIATIOHS  HI  EVALUATION  COHDITIOHS 


Scrip;  6 - Variation  in  Tntn-m'iin  it  Tine  of  Teet 


6.1 

-65’  F. 

32.1 

6.3 

-30'  F. 

33.3 

6.5 

0*  F. 

30.0 

6.7 

30'  F. 

31.5 

6.9 

120*  F . 

36.4 

6.11 

160“  F. 

32.1 

6.2 

-65*  F. 

23-6 

6.4 

-36*  F. 

23.6 

6.6 

O'  F. 

23.S 

6.8 

30-  i. 

23.8 

6.10 

120*  F. 

23.3 

6.19 

160*  F. 

25.9 

1.916 

.12 

.03 

.00  : 

.00 

1.860 

.12 

.00 

.00  : 

.00 

1.908 

•13 

.00 

.03  : 

.00 

1.912 

.16 

.00  : 

.00 

1.878 

.14 

.01 

.02  : 

.12 

1.912 

.13 

.00 

,0*  ; 

.00 

1.822 

.69 

.08 

.07  : 

.00 

1.855 

.68 

.04 

.05  : 

•33 

1,850 

.8} 

.04 

.00  ■ 

.40 

i.eio 

• 7? 

-.01 

.02  : 

.13 

1.857 

• 75 

.00 

.03  : 

.00 

1.640 

.96 

-.01 

,05  : 

.40 

■kleterained.  by  bum  in*  is  described  In  paragraph  F-6b(4)  of  U.  3.  Air  Force  Specification 
12049.  Arermgo  of  two  sped— — a. 


^Weight  and  dl-snelocs  taken  on  each  17-  by  82- inch  panel. 

^Weights  and  dieemloni  taken  according  to  Method  ',0}1  of  Federal  Specification  L-P-4o6a. 
length  of  *;>*oi=sn  "n  parallel  to  warp  direction.  Aweiaga  of  three  epeclaens. 
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Table  3. --Results  of  tenclla  tests  of  glass- fabric -base  plastic 


f.p.l. 

Pactore  Investigated 

Relation 

Modulus  of  elasticity 

Stres: 

<»♦  A 

prnel 

0?  loaded 

80. 

direction 

Initial: Secant  at 

oecect  et 

Fropor- 

0,1  per- 

0.2  per- 

ItolMS 

to  varp 

tangent: 0.1  per- 

0.2  per- 

tlOQAl 

cent 

cent 

: cent 

vent 

llaiit 

strain 

strain 

: bvx-alq 

offset 

efisst 

: of at 

offset 

(i) 

(2) 

(3) 

(4)  ! (5) 

(6) 

(7) 

(8) 

(9) 

(10) 

Decree a 

1,000  : 1,000 

1,000 

1,000 

1 . SCO 

1 7^0 

At‘sVW 

1,000 

r.s.i.:  p.a.i. 

2.R.I. 

p.e.l. 

p.g.i  • 

Xi-Liii 

P.0.1. 

GROUP  1 — 

VARIATIONS  IH  FABRICS 

Series  1 

— Variations  In  Heaves 

1-J 

128-114  - oolrester 

0 

4.120  : 3.237 

3,008 

9.98 

19.46 

26.81 

47.23 

<w 

2.582  : 2.116 

2,016 

11.56 

20.80 

26.50 

41.65 

1.3 

l43-il4  - polyester 

o 

4,370  : 4,112 
1..18  ; 1,329 

40.35 

4.45 

70.35 

5.88 

76.32 

9.64 

90 

1,103 

6.11 

1.5 

1_5L-^1JL  . r^1  v***3t®r 

0 

2,758  : 2,581 

2,216 

6.76 

17.03 

SToO 

5?.  Of 

90 

2,271  : 2,002 

1,870 

6.79 

15.76 

20.15 

29.94 

1.7 

101-114-225  - polyester 

0 

3.313  1 2,936 

?, ?8l 

11.66 

22-53 

30.96 

41.24 

90 

! 2.510 

2,566 

1/3  ^1, 

17.45 

01  ruT 
*-T  • /v 

•mC 

Tv*  * | 

6.1 

181-114-225  - polyester 

0 

3,236  : 2,666 

2,757 

15.02 

25.28 

35.74 

50.16 

90 

3,087  : 2,739 

2,596 

11.63 

22.52 

30.61 

46.82 

1.11 

182-114  - polyester 

0 

3,413  : 2.890 

2,750 

10.05 

20.39 

29.31 

51.20 

90 

3,461  1 2,897 

2,728 

9.00 

18.02 

25-94 

51.72 

1.2 

ipAa.nL  « phenolic 

0 

2.782  : 2,454 

2,543 

10.74 

20.30 

28.-59 

57.48 

90 

2.218  : 1,902 

1,766 

6.85 

12.79 

17.21 

27.63 

1.4 

143-114  - phenolic 

0 

4,601  i 4,4o9 

38.52 

n.50 

79.60 

90 

1,701  : 1,236 

1,026 

3.50 

4.75 

5.23 

9.56 

1.6 

T.64-114  - phenolic 

0 

2,005  : 1,765 

1,636 

8.17 

14.81 

17.19 

59.96 

50 

2,143  : 1,65? 

1,706 

7.21 

15.11 

I5.«0 

21.29 

1.8 

181-11V-225  - phenolic 

0 

3,427  : 2,590 

2,845 

12.58 

23-74 

31.86 

5?. 26 

90 

3,304  : 3,085 

2,729 

12.31 

21.19 

29-30 

49.44 

1.10 

181-114-225  - phenolic 

0 

5,?SE  : 3,132 

2,376 

12.91 

23-24 

51.79 

51-37 

9o 

5,425  s 2,903 

2,715 

ic.;» 9 

18.43 

24.64 

48.65 

1.1* 

-r  yuonoiic 

0 

3,227  . 2,7CC 

10.  *9 

20.92 

2S.23 

43.64 

9« 

3,288  : 2,762 

2,598 

9.09 

18.28 

25.45 

47.38 

Series  2 

--  Variations  in  Tarns 

1.7  4 6*1 

iol-114-225  - polyester 

0 

: 3,215  : 2,901 

2,76y 

: 13.09 

: 23.81 

: 33-35 

45.70 

90 

: 3,004  : £,624 

2,402 

: 11.23 

: 19.98 

: 27.28 

41.49 

2.1 

181-114-150  - polyester 

0 

: 5,390  : 2,990 

••  2,757 

: 11.41 

: 20.92 

: 29.42 

50.94 

90 

: 3,192  : 2,699 

: 2,564 

: 10.69 

: 19.63 

: 27.53 

50.28 

1.8  s.  l.io 

101-114-225  - phenolic 

0 

: 5,504  : 3,061 

2,910 

: lie 7** 

: 23.49 

: 51.02 

! Vl.Sl 

■ I - O fiQC. 

O 700 

• u xe 

• 1ft  fll 

. rn  _ nr 

• La  rva 

2.2 

.181-114  150  - phenolic 

0 

: '3,883  : 3^265 

3,110 

: 10.92 

: 21.87 

: 31-32 

: 50.95 

90 

: 3,761  : 3,1**0 

2,951 

: 9.46 

: 20.57 

t 28.48 

: 47.35 

Series  3 

--  Variations  in  Finish 

1.7  * 6.1 

: 181-114-225  - polyester 

0 

: 3,275  • 2,901 

: 2,769 

: 13-09 

: 23-01 

: 33.35 

: 45.70 

: 

90 

: 3.004  : 2,624 

: 2,482 

: 11.23 

: 19.98 

: 27.26 

: 41.49 

3.1 

: 181-136  - polyester 

0 

: 2,677  : 2,456 

: 2,343 

: 3.53 

: 17.87 

: 25-09 

: 4m.42 

*; 

90 

: 2,53;  : 2,171 

: 2.053 

: 8,52 

: 15-61 

: 20.89 

: 38.49 

1.8  * 1.10 

: 181-114-225  - phenolic 

0 

: 3,504  : 3,061 

: 2,910 

: 12.74 

: 23-49 

: 31.82 

: 51.81 

: 181-136  - phenolic 

rtA 

TV 

. **  asCl.  . 0 noc 

• 2.722 

« 11  ^ 

• 10  .Si 

t y?.07 

: 49.0P 

3.2 

A 

: 2,696  : 2,565 

: 11.06 

: 25.69 

:« a. ....  4 

• ” 8k 

90 

: d, d~6  : 2,lCy 

: 15.08 

: 30.10 
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'3->vl*-  5.--Saaulte  of  11c  testa  oi  glass -7abrir-ba»a  plastic.  U^nttM 
(CootlTued) 


f.p  l. 

ptMl 

lo. 

factor*  Insert ted 

F- let Jon 
of  loaded 
direction 
to  warp 

Modulus  or  elasticity  : Stress  at  - 

Initial 

tSSlltOt 

Secant  at 
0.1  per- 
cent 
strain 
offset 

o«cant  at : Proper-: 0.1  per- :0.2  per 
0*2  per-  rtioaal  z esnt  : cent 

strain  : offset  : offset 

offset  . : ? 

naxiarr 

(1) 

(2) 

(5) 

(1) 

(5  ) 

(6)  ! (7)  * (8)  i (9) 

(10) 

; Pesrsss 

1.000 

P.S.ie 

1.000 

fl.n.l. 

1,000  : 1.000  : 1.000  : j.000 

t.c.l.  : «tsTT. : p.s.I.:  p.s.l. 

1^000 

EttoA 

GBCCP  2 — VARIATICES  U FABRICITIOB  FPOCXDOHI 


6erJ.ee  a -- 

Variation  in  Thickness 

i.i 

1/2  men  thick 

0 

3,721 

3,226 

3,037 

13.51  : 

21.02  : 

33. 11  : 31.88 

90 

3.733 

3,131 

2,939 

10.16  : 

19.19  : 

27.72  53.  ee 
35-13  i 11.50 

1.5 

1/1  Inch  thick 

0 

3,619 

3,153 

3,015 

12.25  : 

25-37  : 

96 

3,185 

2,911 

2,737 

8.87  : 

18.77  : 

26.68  : 35-81 

1.7  fc  6.1 

1/0  Inch  thick 

0 

3,273 

2,901 

2,76? 

15.05  : 

23-81  : 

33.35  : 15.70 

90 

3,001 

2.621 

2,18b 

li.O  : 

xy.yo  : 

kJf.ttO  : 4JL.H* 

**-5 

l/l6  Inch  thick 

0 

3.-959 

3,291 

3,133 

11.68  : 

20.81  : 

30.82  : 13.77 

90 

3,12* 

2,818 

2,711 

10,57  : 

I8.9I  ■ 

27.07  : 10.25 

Gerie*  * 

- Varieties  Is  Koldlnn  Pressure  sod  Resin  Content 

5-1 

39.5  percent 

0 

2.581 

=,536 

2,22  f, 

11.57 

21.75  : 

52.8i  : U5.05 

90 

2,785 

2,176 

?,3*> 

12.26 

23 .26  , 

31.13  : I7.U 

hi. 6 percent 

0 

2,621 

2.175 

2.266 

2,110 

u.70 

21.56  : 
ly.j^  * 

28.01  : 31.39 

90 

2.597 

2.126 

10.33 

21.21  : 29.38 

1.7  1 6.1 

percent 

0 

3.275 

2.-901 

2,769 

13.09 

23-81  : 

35.35  : 15.70 

90 

),om 

2,621 

2,132 

u.23 

IS- 98  : 

27-28  : 11.19 

5-5 

?o,0  percent 

0 

3,533 

3,100 

2,935 

25-10  : 

3I.78  : II.55 

90 

3,352 

2,997 

2,800 

9.82 

18.71  : 

26.33  : 37.51 

5-7 

21.8  percent 

0 

3,8*6 

3,320 

3,lll 

11.11 

21.19  : 

31.61  : 33.86 

90 

3.911 

3,236 

9,055 

9.86 

20.71  : 

30.10  : 53.08 

GROUP  3 

— VAKIaTlCBS  TZ  EVAIi'AXICS  CGSiniOBS 

Scries  6 

. 

VurlatJon  In  Tenperatura  at  Tlss  of 

Test 

1.9 

-65'  F. 

0 

1,077 

3,36  7 

3,193 

: 12.01 

20.39  : 

29-92  : 57.10 

so 

3,703 

3,357 

: 9-16 

13.13  : 

21.86  : 18.60 

6. 5 

-JO*  F. 

0 

**,371 

3,520 

3,296 

* ° 

17. H : 

26.16  : 31.00 

90 

i,o6l 

3,271 

3,118 

: 8.97 

16.62  : 

26.73  : 52.30 

OO 

O'  r . 

•J 

**,393 

3,7*2 

5,**oy 

: 11.93 

2b. bb  : 

39.13  : 60.81 

6.7 

90 

3, S?? 

m f—o 

J 

5 101 

• 10.3C 

20.36  : 

51. ll  1 59.>2 

30"  F. 

0 

3,861 

3,251 

3,115 

: 11.90 

22.39  : 

56.17  : 16.86 

1.7  i 6.1 

90 

•*,225 

3.JS? 

3,097 

: 11.77 

17.31  : 

23.16  : 10.61 

75’  F. 

0 

3,275 

2,901 

2,769 

: 13-00 

23.81  : 

35.35  : I5.70 

90 

3.001 

2.621 

2,182 

: U.23 

19.98  : 

27, sR  : li.ly 

A O 

120*  ?. 

A 

O 

£ .»  * 

*5  kOl 

2 

at  a * 

28.22  : 

a-ra  In  rur 

J\J  . 3 f * — \9  . Go 

90 

9.765 

9 .518 

9 157 

1 ij. at 

50.  U : 

36,17  : 11,76 

6.11 

160“  F. 

0 

2,753 

2,526 

: 15-37 

26.66 

: ?7a54 

90 

2,192 

1,913 

: 8.11 

16.73  : 

6.2 

-63"  F. 

0 

: >*,390 

3,731 

3,519 

: 12.61 

21.19  : 

31.93  : 66.30 

90 

: 1,313 

3,626 

3,373 

: 12.15 

22. ie  : 

50.61  : 59.80 

6.U 

1 ♦ 

r. 

: V.3T9 

3,7U 

3,186 

: 12.  ok 

<va  **A  . 
v • 

xa  1 Q f.m  »/» 

6.6 

90 

: 1,031 

3,253 

3,018 

: 13.81 

22-93  : 

30.21  : 5I.I0 

0*  F. 

0 

: 3,912 

3,391 

3 222 

: IJ.30 

21.63  '. 

38.16  : 5S.V1 

6.8 

90 

! 3,571 

3,050 

2,835 

: 11.65 

19.07  : 

26.07  : H.18 

30*  F. 

0 

: 1,183 

3,612 

5,H3 

s 13.98 

2p.o5  : 

38.12  : 55  98 

1.6  a 1.10 

90 

s 5,961 

3,332 

3,133 

: U.ll 

20.12  : 

29.85  : 52-21 

75*  F. 

0 

: 3,501 

J, 061 

2.310 

: I2.7I 

23.19  : 

31.82  : 51.81 

90 

: 3,361 

2,995 

2,722 

i 11-35 

19.81  : 

27.07  : 19.02 

o.io 

ij at  r. 

0 

: 3,701 

3,195 

3,060 

: 11.50 

21.26  : 

31.00  : 17.76 

160*  F, 

yo 

: 3, *30 

2,952 

2>Y3o 

: 10  62 

15.79  • 

27-17  : 16.97 

6.1? 

0 

; 

2,958 

: 12.32 

3C  .16  : 

: 13.18 

; 

SO 

: 3,192 

=,351 

2,712 

: 11.87 

26.0a  s 

36.13  : 16.21 

2 H ^#05*6  f 


(Pa*a  2 of  ,7) 
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Table  4. — ccuranalra  strength  eg  «.tas»-fabrle-bftge  rla.rtlc  lasisstee 


Factors  Investigated 

Molded  vita  polyester  rests  1 

1 Molded  with  phenolic  resin 

?.r 

panel 

5o. 

: Maxl=ua 

strsasMs 

r .?  »l. 

p*s*ej. 

Ho. 

: Maxima  strength 

? Tengttn/’se 

: Crosswise 

: Lengthvise 

Crcssvlse 

(1) 

(2) 

; (;* 



(5) 

: (6) 

c7) 

: 1.00C 

: 1,000 

• 1,000 

1,000 

: p.s.l. 

: p.s.l. 

p.s.l. 

p.s.l . 

OXODF  1 — VAR1ATJ0HB  15  FABRICS 
Series  1 — Variations  la  Weaves 


Series  ? - Variations  la  Flqlsh 


181-114-22? 

181-136 


aECXJP  2 — YARIATIOBE  IH  FABRICATION  PBOCSTOHs 
Series  4 — VeriatiiK  in  Thickness 


64  ply  - 1/2  Inch 

: 4.1 

42,910 

: 38,260 

*2  ply  - 1/4  inch 

. V .* 

39,870 

: 39,3*0 

16  ply  - l/8  Inch 
8 ply  - l/lo  lnCu 

: 1.7  A 

i i.j 

i *»5 

• « - 
23,370 

: 33,9w> 

. aD  ata 

Series  j — Variation  la  Holding  Pressure  and  Resin  Concept 


59.5  percent 

s 5-1 

35, If 9 

41.6  percent 

VA  A -L. 

: 5.3 

• SC  SC 

52,700 

33-5  percent 

• 

s 1.7  «l 

• ,VV 

: 1.9 

34,080 

21.8  percent 

« 5-7 

30,000 

52,500 

35.5*0 

*7  RliA 
-*  : J ✓ ' w 

35,920 

35,160 


CBOOF  J — VAfUAIJ.cuo  IS  2VAI2ATI0S  CCBMTX05S 
Series  6 — Variation  in  Tepparmturc  at  Tlae  of  Test 


126-114 

? 1.1 

23.890 

: 29,570 

: 1.2 

20, gy 0 

143-114 

: 1.3 

50,650 

: 24.100 

: 1.4 

40,900 

164-114 

s 1.5 

24,370 

: 22,940 

: 1.6 

12,460 

l8l-n4-s>?5 

: 1.7 

33,970 

: 33,640 

: 1.8 

32,890 

18J.-H4-225 

s 1.9 

34,190 

: 38,190 

s 1.10 

58,600 

182-114 

s 1.11 

32, “60 

: 39,550 

: 1.12 

30,300 

Series  2 — V 

>v»S  ■*  7 Ann 

r+rnm 

181-114-225 

: 1.7  a 

: 1.8  fc 

s 1.9 

34,080 

: 55,920 

: 1.10 

35.7*0 

181-114-150 

S 2.1 

33,480 

: 37,420 

: 2.2 

55,410 

s 1.7  * s 

: 1.8  b : 

: 1.9  : 54,030 

i 35,920 

: 1.10  : 

35,7*0  ! 

: 5-1  : 35,650 

: 34,530 

: 32  : 

20,100  s 

24,770 

17,850 

36,020 

40,280 

35,720 

53,4zo 


58,000 

37,020 


36,000 

16,440 


F, 

6.x 

44,3*0 

: 38,080 

6.2 

44,100 

F. 

6.3 

30,700 

: 37,530 

6.4 

43,560 

F. 

S.5 

40.420 

: 38.440 

6.6  : 

38.680 

VP 

JT  e 

6.7 

41,9*0 

: 39,26C 

6.8  ; 

41,360 

IP  • 

1.7  * 

1.8  k : 

1.9 

34,080 

: 35,920 

1.10  : 

55,7*0 

F. 

6.9 

30,060 

•-  29.000 

6.10  : 

57.560 

y * 

6.11 

17,130 

: 12,760 

6.12  : 

55,790 

42.000 
*3,530 
31,340 

3', 180 

58.000 
36,840 
31,990 


7.  M 906*7  7 


I 
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Table  5. — Peeulte  of  rlearoral  -eet a 00  Rlaaa -fabric -Las*  plastic  laminate* 


F.P.I.. 

jjMKi. 

So. 

Factor*  InTbs tigateJ 

Relation 

Modulus  of  Blastlclty  : Fiber  etreee  at  - 

HMulua 

cf 

ru^Tture 

direction 

to  v*rp 

Initial ‘.Secant  to:  Secant  torPropor-:G.l  per- 
tangenttO.l  per-  tO  . ? per-  : tional  i Cant 

. ---♦  * ....  . 1 .Ti * . .*»«.. 

: strain  : strain  : : offset 

: offset  : offset  : : 

0.2  per- 
cent 
strain 
offset 

u> 

(2) 

(3) 

(4)  : (5)  (6)  i (7)  : (8) 

(9) 

(10) 

Degree* 

1,000  : 1,000  : 1,000  : 1,000  : 1,000 
n.s.i.:  p.s.l.  : p,s.l.  : p.o.i.:  9.0.1. 

1,000 
p.«  ..1, 

1,000 

CSCrj?  1 »=  7A&IATI0SS  IS  FABRICS 


Serlea  1 - Variations  in  yeaves 


1.1 

128-114  - polyester 

0 : 3,00? 

2,ol4 

2,674 

90  : 2,710 

2,510 

2,378 

1.3 

143-114  - polyester 

0 : 4,383 

4,194 

yu  e 1,1*+ 

±,J?1 

1.5 

164-114  - polyester 

0 t 2,688 

2,451 

5,295 

90  ; 2,4C5 

2,253 

SylvT 

1 .7 

181-114-225  - polyeater 

C ! 3,347 

>,122 

90  t 3)364 

3)082 

1 .Q 

lSl-114-225  - polyester 

C*  : V.592 

3)363 

90  : 3/>bl 

3)010 

2,074 

1.11 

182-114  - polyester 

0 : 3.364 

3,147 

2,034 

90  s 3,355 

3,119 

2,959 

1 .2 

128-114  - phenolic 

0 : 2,646 

2,472 

90  s 2)260 

2,103 

l,93p 

1.4 

143-114  - phenolic 

0 : 4,955 

4,739 

4,478 

90  : 1,717 

1,472 

1,353 

1.6 

164- 114  - phenolic 

0 : 2,037 

1,06? 

X .706 

90  ; 2,054 

i fW£. 

1,732 

1.8 

181-114-225  - phenolic 

0 : 3,558 

3,167 

3,037 

90  : :-,3£l 

3,334 

3,169 

1.10 

151-11^-225  - phenol* e 

0 i 3,583 

3.37  6 

s.pefi 

90  : 3,319 

3,095 

2,946 

1.12 

102  114  - phenolic 

0 : 3.296 

3,068 

2,914 

yu  : 3,1x55  : *,000 

•J«*  iOB  2 “=  7rki  AA41UUD  1*1  *a 

2,7  W 

1.7  «■  1.9 

101-114-225  - polyester 

0 : 3,369 

3,142 

90  : 3,33? 

3,050 

2.1 

181-114-130  - polyester 

0 : 5,4iu 

3,207 

3,054 

90  : 3,332 

3,119 

2,974 

1.8  I*  1.10 

181-114-225  - phenolic 

0 : 3,470 

3,271 

3,147 

yu  : 5 |»^J 

] 

2.2 

181-114-150  - phenolic 

0 : 3,7‘37 

3,54** 

3,370 

90  s 3,57.’* 

3,573 

3,205 

Series  5 --  Variations  In  Finish 

1.7  * 1-9 

101-114-225  • polyester 

0 : 3,369 

3,14« 

90  : 5,332 

3,050 

3.1 

10 1- 156  - polyester 

0 : 2,555 

: 2,423 

90  : £T,280 

: 2,155 



1.8  I*  1.10 

• 101-114-225  - phenolic 

0 * 3,4?rt 

* 5,271 

= 3,147 

4 

90  * J ;*»c0 

5,*X3 

• 5,057 

3-2 

: 101-136  - phenolic 

0 : 2,550 

••  2,330 

: 

; 90  s 2,175 

: 2,026 

* 1,954 

Z M 9061*8  F 


2o.C 

>9-6 

44.7  : 

20.2 

31.3 

37.9  : 

80.0 

106.4 

y #0 

23.0 
v»  I. 

««*  1. 

jX  . *e 

33-3 

el  n 

11.C  * 

37.4  : 

* a K . 

55.2 

55.2 

. 

25*2 

26.8 

53.0 

26.2 

44.4 

52.9  : 

27.5 

47.2 

54.4  : 

25.0 

46.9 

52.0  : 

22.0 

35.9 

21.0 

30.2 

33-7  : 

75-4 

94.0 

97-9  : 

7.8 

11.2 

13- **  : 

17 

21.6 

23-4  : 

15.9 

21.9 

23.5  : 

51.5 

50.8 

50-9  : 

34.1 

51.4 

58.8  : 

>1.4 

53.0 

67 .3  : 

26  0 

43.0 

30.4  : 

31.0 

45.8 

51.6  : 

puo 

+6.1 

**y.i  ; 

31.0 

54 ,1 

25.7 

44  7 

29.8 

54. i 

60.4 

31.5 

48.1 

57.7 

U6  0 
1*2.8 

106.5 

a O I. 
IW.t 

43-7 

1*0.0 

57.5 
52-9 
59.2 
54.1 
56.,- 

59.6 


3U.8 

>1*. 9 

98.1* 

10.7 

ol.  ■» 
rs  U y 

65.5 

59.8 

69  7 
58.2 

5^.6 

1*9.9 


58.5 

53.5 
60.8 
6l.l* 


51.1*  : 51.9 

50.5  ; 1*7.2 

32.6  .*  52.1 

30.9  : 50.8 


63.1  ! 

: 67,6 

54  6 ! 

• 56.5 

61.3  • 

! 63.9 

58.0  : 

‘ 59.1 

51.0  * >4.1  : 

25.7  : i*4.7  : 

30.7  : 55.2  : 

33.5  : 1*6.0  : 

51.4  i 51.9  s 63.1 

30.5  • **T'2  • 5^*0 

27.9  • 34.1  : 

18.8  : 26.1  : 29.0 

(Face  1 of  2) 


58.5 
53  •& 

59.5 

50.9 

67.6 

_ 1.  _ 

JO-J 

34.3 

31.3 


V 
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Tabl#  Results  of  fliiural  teets  on  glass. fabric  ^a«a  plastic  laslnates  (Conti-sad? 


F.Pel, 

V>Axj6I 

SOe 

Factors  investigated 

Rolatlon 
it  spsn 
d:i  recti  on 
no  warp 

Modulus  of  elastlcltj 

Fiber  stress  at  - 

Modulus 

of 

rapture 

Initial: Secant 
tangent :C.l  per- 
: cent 

: strain 
: offnet 

to 

0.2  per- 
cent 

strain 

offset 

Propor- 

tional 

1 1 

0.1  per-: 0.2  per- 
cent : cent 

r.t.r.-.lr.  ; StfftiS 

offset  : offset 

(1) 

/ a\ 

(3) 

(4)  : (5) 

<£) 

(7) 

(3)  ! (9) 

do) 

1 fv\n  • 1 ,yy^ 

1 000 

i rw> 

2.000  ? 1,000 

1 .000 

p.s.l,:  p.s.l. 

n . h . i 

• ■ 

p.s.l.  : p.s.l. 

GROUT  2 --  ViPIATIOSS  U TAH>.ICATIO!«  FR0C23CH2 


Series  4 — Varletlon  lx  Thickness 


4.1 

4.3 

1.7  fc  1.0 


1/8  Inch 

1 /I.  e - .w 

l/8  Inch. 


0 

90 

0 

00 


3,»92 

3,7«2 

3,969 

t.ftpd 

3.369 


3,623 

5,504 

5,719 

*.a6? 

3)l*2 


26,6 

22.2 

24.9 

20.7 

31.0 


53  3 
47.2 
56.7 
‘7-8 

■s4.1 


GROUF  3 — VABIATIOKS  EC  jffVATUATIOa  COBDITICRS 


6.1 

6.3 

6.5 

6.7 

1 .7  «,  1.9 

6.9 
6.11 

6.2 

6.4 

6.6 

6.8 

1.8  4 1.10 

6.10 
6.12 


4.5 

l/l6  inch 

Series  5 *■- 

0 

90 

3)707 

4,002 
v>  Hold'; 

3,491 

3,693 

_cr  P^f.-rtiT5 

5,326  : 

3,454  s 

*r_i  ?»**!* 

52.5 

#«l  • 

£•♦  . “V 

Coftcr,* 

56.6 

43.8 

65.4  : 

53.0  : 

5-1 

39.5  percent 

0 

90 

2,336 

2,880 

2,761 

2,755 

2,654  : 

2,635  : 

50.8 

26.9 

4J.6 

45.6 

54.5  : 
51.2  : 

5,5 

1*1.6  percent 

0 

yu 

3,189 

5,017 

*.017 

P ft*  A 

2, ’.'08  : 

26.3 

*5*  *7 
— • • 

45.1 

41.3 

48,7  ; 

1.7  4 .'-9 

53.5  percent 

A 

9-3 

3,369 

3,332 

3.142 

3,050 

31.0 

25-7 

54-1 

44.7 

5-5 

30.0  percent 

0 

90 

3,985 

5,610 

5,756 

’,579 

3,596  : 

3,221  : 

27-4 

26.1 

47.1 

46.6 

59-8  : 

52-6  1 

5-7 

91,8  percent 

0 

90 

4,137 

3,879 

3,797 

3,587 

3,585  : 

22.4 

25-9 

43.4 

48.9 

53-7  • : 

56.2 
51-9 
61.0 
•w.*> 

58.3 
53-5 
■56.2 
62.2 


57.2 
58-5 
50.8 

49.4 

58.3 
53.6 
6;.i 
54.1 

54. 5 

51.6 


Tories  6 

- Vorlatlc 

m In  Ts=psrature  at  Tlac  of  Test 

-65’ 

F. 

0 

3,562  : 

3-570 

3,218 

32.4  : 

67.0 

73-2 

73.8 

» *51 

a ata 

6.0  : 

4ft  4 

"70  A 

• 

O 

K">. 

1 

F. 

0 

5,6c3  j 
3.354  : 
3,800  : 
3,51?  : 
3.fi : 

5.180 

45.3  : 

49.3  : 
48.9  : 
44.6  : 

67.8 
73.6 
66.2 

61.8 

70.4 

77.4 
71.2 
66.6 
6-r.> 

go 

0* 

F. 

A 

5,608 

90 

3)313 

3,620 

30s 

?. 

l»A  1 • 

64 .2 

90 

3,552  : 

3,322 

3,160 

35-7  : 

55.0 

61.3 

63-3 

75* 

F. 

0 

3,369  : 
3,332  : 

5^142 

3i.O  : 

255.7  ' 

34.1 

.7 

58.3 
r * .f> 

3)030 

c . 

120' 

F. 

0 

5,031  : 

2,798 

2,646 

19.7  : 

53.9 

41.  <3 

90 

2,959  : 

2,674 

20.?  : 

31.2 

59-3 

43.1 

160* 

F. 

0 

2.278  : 

2,011 

1,863 

10.8  : 

18. a 

22.4 

24.2 

90 

1,888.: 

1,709 

1,591 

9.9  : 

16.7 

20.4 

ol,  r\ 
<7.C 

-65* 

?. 

3,619  : 
3, **78  : 
3,810  : 

3)467 

3,294 

3,642 

60.2  : 
44.4  : 

80.3 

62.4 

op.l 

66.0 

90 

1 

v« 

0 

• 

F. 

59.3  : 

76.9 

ee.b 

90  I 5>78  : 

3,326 

3.202 

42.2  : 

64.4 

57.3 

74.7 

0* 

F. 

0 

3,626  : 
3,514  : 

3,466 

44.5  ; 

33.6  : 

68.1 

32.? 

y4  ft 

90 

3)27? 

3,165 

63.1 

69.3 

30’ 

F. 

0 

4.363  : 

•*,051 

3,878 

57-7  : 

62.5 

7«.0 

78.4 

90 

3,3.50  : 

j .Z7? 

5,126 

29.4  : 

47.1 

56.5 

67.2 

75" 

F. 

0 

3>70  : 

}.srn 

3,147 

31.4  : 

51.9 

63.1 

67.6 

58.5 

00 

3.4?,-,  : 

3,21; 

3.057 

30.5  : 

47.2 

54.6 

120* 

F. 

0 

3,713  •• 

3,475 

3,335 

■Vt  »»  . 

| • 

I,'?  r\ 
■*1  *7 

4a  a 

UA.V 

44  — 

loGJ 

90 

3,606  : 

3.364 

3,216 

27.4  : 

43.8 

53-9 

«ft  a 

F. 

r 

3,360  : 

3,156' 

3,012 

28.6  : 

48.0 

5?  3 

57.1 

92 

3,217  : 

2,974 

2,840 

26.8  : 

39.3 

46.8 

52.4 

7 M 90649  F 
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Table  6.--Flatyj«a  shear  strength  or  alias -fabric-baae  laalnat  >a 
(j'Jfeaaon-type  shear) 


factors  Investigated 


Molded  witt  polyester  resin 


Molded  with  phenolic  resin 


P.f.'L. 

panel 

Bo. 

Flatwise  strength  : F.F.L,  s Flatwise  strength 

Lengthwise 

t:rx>3swl«6  : Ho.  : Lengthwise 

Crosswise 

(1) 

(2) 

(3) 

w ! (3)  ! <«> 

1(7) 

1.000 

J.S.l. 

1,000  : ; 1,000 

p.s.l.  : : r.s.i. 

1,000 

JLdiid 

OHOOI  ) — VARIATIONS  Uf  FABRICS 


Series  1 — Variations  In  “saves 


126-114 

1.1 

: 19.98 

21.78 

1.2 

10.11 

9.26 

14J-114 

1-3 

s 10 -2i 

: W7.i? 

? 

1 .4 

6.80 

21.09 

j.64-114 

1-5 

. — * * 

r 20. 1*1 

1.6 

7.22 

7-21 

181=114-225 

i-7 

: 20.30 

: 21.88 

rt 

ieO 

15.00 

17.26 

iei- 114-225 

1.9 

: 20.07 

: 21.01 

1.10 

16.46 

18.12 

102-114 

l.ll 

: 22.37 

: 21.24 

1.12 

12.53 

12.51 

Scries  2 - 

- Variations 

iu 

Tarre 

181-114-225 

1.7  A 

1.8  A 

1.9 

: 20.18 

: 21.44 

1.10 

15.73 

17.69 

lfll-114-150 

Si.l 

: 22.22 

: 21.94 

2.2 

14.39 

Series  3 — 

Variations 

In  Finish 

181-114-225 

1.7  «• 

1.8  A 

1.9 

20.18 

: 21.44 

1.0 

15.73 

17.69 

161-156 

5.1 

: 16.68 

: 17.62 

3-2 

11.64 

U.98 

GROUP  2 — VARIATICB8  Ul  FABRICATION  FSOOfflXJHE 


Series  2 — - 7juiitl0lU  Ixi  AuicimtiMfi 


G*+  pXj  - 1/2  men 
32  ply  ~ l/4  inch 

I ^ —a  — s _• 

aw  ■ * • * iwUQ 

8 ply  - 1/10  inch 

Series 

4.1 
V.3 
i.  f a 
1.9 
4.5 

21.90 

20.49 

20.16 

21.25 

■iation  in  Mo] 

23-72 

22.60 

21.44 

?319 

Luiiia  Pressui 

5 — Var 

■»  and  Reals  Content 

39-5  percent 

5.1 

10.  is 

10. OP 

ljl.6  wrrAinr 

m » 

1 O 

30.0  percent 

p.p 

21.46 

23.13 

33-5  percent 

1.7  A 

20.18 

21.44 

1.9 

21.8  percent 

5-7 

21.27 

21.22 

GROUP  3 

— VARIATIONS  IH  EVAUJATICH  COKDITIOHS 

Series  6 --  Variation  In  Tsaperature  at  Tine 

of  Test 

-65’  F. 

6.1 

30.04 

30.20 

6.2 

20.55 

24.94 

-3ft*  r. 

6.3 

27.28 

?8  os 

6 4 

i;  (4 

swa 

0'  r. 

6.5 

27.80 

25.95 

6.6 

19.01 

23.21 

70- * F, 

6.7 

22.93 

25.90 

6.6 

17.61 

18.03 

77*  F. 

1.7  A 

1.6  A 

1.9 

20.18 

21.44 

1.10 

120*  F. 

r * 
^•7 

17.6; 

18.45 

6.10 

15.67 

17.03 

160*  F. 

6.11 

i4.4i 

1c.45 

6.12 

13.43 

15.7V 
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Taels  f.— hmmw  Icod  or  *-isa« -r«or  1C  LPiantfi 


Factor*  la-mitigated 


t<<  polyester  resin 


Zdgewis..  notch 


Lencihwiae  : Cro asviee 


Molded  with  phenolic  realn 


edgewise  notch 


Lengthviae  : CroaBwiae 


Ft  ■ - lb . par 

Is*  oi 

width 


yt . «1t.  per  ■ 
la.  of  : 
width  : 


ft . -it  i p— * 

In.  of 
wl3th  . 


QROCP  1 — VaRIATIPBQ  tw  FAIeuCS 
Series  1 --  Variation"  in  Wearea 


OROCP  2 — VAHIAXI0R3  IS  FABRICATION  FROCEDOEX 
Series  4 — > Variation  In  Thickaoea 


32  ply  - 1/4  Inch  : 4.3  : 11.8  : 

*«w  - W?  inch  : 1.7  i : 

i 1.9  : 11. S ; 

8 ply  - l/l6  inch  : ; 13.9  i 

Series  3 --  Variation  in  Moldl 


Preeatre  and  Begin  Content 


?y.-)  percent 


’ wouw 

wCrCODt 

35  •:>  percent 
21.8  percent 


i 5-5 
: 1.7  k 
: 1.9 
: 2-7 


OROCP  3 — VARIATIONS  IH  SVAUJATICII  COOITIOiTS 
Serlea  6 — Variation  In  Tenpermture  at  T:ne  of  Test 


Pt  1 v 

.j-.-_.tr,  i t 
in.  of 
width 


128-114 

? 1.1 

20.4  : 15.9 

1.2 

12. 9 

10.0 

143-114 

: 1.3 

36.1  : k.i 

1.4 

43.9 

2.4 

i64-H4 

: 1.3 

23.8  : 2C.1 

1.6 

11.3 

11.0 

181-114-223 

: 1.7 

12.7  : is. 5 

1.8 

21.0 

18.1 

181-114-225 

? 1.9 

11.0  : 9.8 

1 = 10 

10.9 

16.5 

I3e-ll4 

: 1.11 

20.6  : 21.0 

1.12 

20.9 

20.  $ 

181-114-150 

: 2.1 

Berlea  2 — variationa 

19-0  : 18.3 

in 

Terns 

2.2 

19  5 

16.9 

151-114-225 

: 1.7  k 

l 

; 

< n . 

.•  aV  0 1 

s 1.9 

11.8  ? 10.2 

: 

1.10 

20.4 

17.3 

181-156 

1 

: 3-1 

‘cries  3 — Variations 

I3.9  12.0 

in  Flnlah 
: 3-2 

10.1 

7.2 

181-114-225 

? 1.7  k 
s 1-9 

11.8  : 10.2 

s 

l.S  k 
1.10 

20.4 

17.3 

. -65*  r. 

6.1 

26.4 

24.7  t 6.2 

28.8 

-30*  F. 

0.3 

18.3 

16.8  : 6.4 

28.0 

0*  F. 

x « 

Am  m 

AA  ft  ^ / 

• y*  a 

50*  F. 

6 '.7 

13-7 

10.8  ? sle 

oL  ^ 

77“  T- 

1.7  * 

: 1.8  1. 

* 1.9 

11.8 

10.2  : 1.1C 

20.4 

120*  r. 

r.  0 
«•/ 

17.7 

16.8  : 6.10 

18.3 

! ioO*  F. 

6.11 

10.8 

8.C  ; 6.12 

16.1 
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vh?=Lj  Factori  ixnreotig-ted 
panel » 

>i  o0  .? 


si  s * s 

s Resin  i Specific  ^Dielectric  * Power 

s content;  s gravity  5 con:±ant  * factor 


% 


- 4££S§SS,  « 


GROUP  a «.  VARIATIONS  IK  FABRICS 


Sa?iaife>3g  i&  ^ssaa 


lol 

5 

123-11.  >.  — poly  e.'iter 

3! 

3&«1 

•;|  1=815 

t 

4,03 

3 

0,0IC0 

lo3 

3 

143' *11,,  »■  polyester 

8 

37-2 

s 1-605 

i 

/it  O/i. 

? 

=0119 

1-5 

3 

I64-IL , - polyester* 

% 

33-i 

s ioS05 

i 

4.16 

ir 

rtilA 

i<>7 

3 

18i-H,V-225  - polyester 

t 

33=4 

8 la 892 

% 

A.,  42 

8 

io9 

3 

2. 81"  11,  ,~225  •■»  polyester 

X 

53o7 

J la 873 

% 

4.32 

8 

,0113 

•Hi  ci,u. 

5 

^ ‘I’li  A * V j.  <V.  i»#  / uo  Ct«X* 

O 1 

>•  I a 910 

« 

4*47 

3 

-OlOfe 

1 .2 

"i 

X28-15L,  -3.  phenolic 

I 

29-3 

■ik-485 

J 

3=79 

'A 

c 86 

2,4 

i 

143-Hj.  - phenolic 

i 

24*5 

&U733 

2 

4=30 

g 

~0288 

1=6 

i 

164-1L.  - phenolic 

i 

24o  8 

^lo410 

% 

3=60 

s 

-02  37 

^ <? 
-'•O  w 

« 

181  “Hi  .^225  - phenolic 

% 

23o2 

8 1 = 815 

S 

/ Rf*. 
*■)>»  >.* 

/> 

0 

-0243 

loiO 

8 

181-111,-225  - phenolic 

i 

24=5 

3,1.848 

8 

4=73. 

2 

-0246 

*1  'V  'T 

.ipAK. 

3 

132 -Hi . - phenolic 

j 

22*7 

.fe*72b 

4 

4.35 

S 

..0237 

SadBO.  ."2  Va'ilaila  ; isJUj,  Jfis&a 


O 61 

0 

0 

IwL—Il/ ."=>150  * pulyGutcr 

( 3 3=.i  > 1=893  * 4=42 

3 

=0086 

O <5 
*-C  *• 

A 

O 

fc*  ^•‘)  *!  r;  ,♦  r*  #•  . e . . . • 

*w-jui  * pceco.i.ic 

i 22=5  •*  2-821  * 4=48 

8 

=0230 

s^ris  Js-^aieJi 

3.1 

I 

185L«13c  polyester 

* 44=7  * 1=758  s 4=05 

8 

=0095 

3-2 

8 

182-13*  - phenolic. 

3 36-5  ;iaQ685  s 4.56 

X 

=0415 

n 

wi  • i>i  «C  fi''* 

Tf ao  T Ar’v.'tvit:  tm  tpa  r>rf  Tr* . ; 'PTnw 

• j-i«  a oij  Wai/.iA  4Vi» 

PROCED'aSB 

S-'y.^A.jr 

“j&r  riatloix  in  Thlckaecs 

4=1 

X 

1/2  inch  ■-  polyester 

» 27=0  s 1CQ75  s 4=67 

% 

^** 

to 

8 

4=3 

J 

1/4  ins  a - colyc3cor 

* 28o3  ? 1®957  s 4=56 

n 

a 

0O045 

a ** 
**-=0 

s 

1/1&  inch  - polyester 

3 27 0 9 sl-987  s 4061 

6 

=0097 

C . s=> 

- Ykriatioii.  is  Molding  Proagars. 

ii»£4  ?*$^=Jk3t£Sk 

5=1 

8 

2 poPoio  ~ polyester 

* 39,5  « 1=796  s 4=16 

3 

cOlOl 

5=3 

8 

10  p080i.-  polyester 

? 41=6  * .1=786  8 4=12 

1 

cOio? 

(Pape  1 of 

2) 

_ 
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TeV,i^  ft 


So  — Qia3  fog£s:l&^2gag^A^^  .laminates 

(Cor  iimieu  ) 


* - • 

— • A 

i 

FoPeLo 

* Pact ore  investigated  a Resin  tSpesifio 

xi4  r , * 

F'Oijar 

panel  * Jcontent : gravity 

Ho0  * :t 

t constant 

% 

fa;-.  Lor 

s Percent  s 


5.5 

s 4:«  peSei„  - polyester  s 30  „9  * 

lc93e 

^ 4) 

a Ooai7 

5o7 

J 395  poSoio  — polyester t 21 .8  s 

2,038 

* 4c  74 

3 ,.0098 

r^nerro  *j  w/iwTf.,'*iTn»te 

tut  7 

U y# 

'.“.'i'iON 

/*»r>»  -rw»  «***»~» 

V-  W* 

6,1 

% Polyester 

% 

32.1 

3 

Ic9l6 

2 

4c  43 

3 

occao9 

6o3 

O i'  o n A iOn  p Of'C  '.'5  0 5 2 V VT  C%»  -i. 

1 

*>  •3  ■a 

i 

1.880 

e 

a 

4c  39 

« 

cOlOO 

Oc3 

• 3 „ 

• O O J ' O O © 44  V OOt|;C,OOin>--r*i4 

* 

yy.n 

$ 

1 -Q08 

ft 

i.^jS 

a 

. OOQb 

Or,  7 

S » o o o o 3 f!  tvoeeuoeeeeoe 

3 

31.  *5 

s 

1.922 

a 

0 

6 «A/L 

n 

a 

c0104 

6r.9 

-DOOC>«  OOC'OueoOnOOOOO 

* 

36.4 

2 

1.878 

a 

O 

4o44 

3 

.mew 

&=n 

i©  o *>  o <2  « oroGooooncQ©  © 

2 

32.1 

i 

2.912 

n 

4c  41 

e 

cClOO 

6,2 

8 Phenolic 

% 

An  S' 
C.3,U 

3 

1.822 

O 

4o  47 

0 

.0249 

6o4 

^ a a n o c c^Op TOo©oo©toop3C3 

% 

2%  6 

* 

1.855 

+ 

4.51 

is 

0O247 

6C.6 

^?o,:o  3 ij  3.0  c*0  O*0'»«oooe©f>©o 

ft 

A 

2.3.5 

% 

1,-859 

2 

4.63 

a 

ft 

.0240 

4,8 

O 1 0*0  O v t»  •>  v . A o o O O C>  G O o 

o 

• 

23^.8 

m 

•* 

4.8/6 

O 

•? 

# / 

A - 11^ 

■» 

,0248 

*.  m 

\-.p  AM 

a 1 . 

*0  5 i/  5 O ii  6voooo«oA<)*aM 

• 

• 

2^73 

i 

lo»57 

* 

4.58 

o 

.0228 

< TS 

•O  O ()  O O O ic  9CO.‘>OAoA&*«4>a*« 

£ 

23.9 

m 

■2  tfffi 

«» 

/ £*7 

-vv  • 

jj 

/v>o** 

0 Vft-y*. 

^ Abnormally  lew  speexiic  gravity o 

2 

“ Slectricju  testa  ’^ex*e  mode  «t  room  temperature. 

(rage  2 or  2) 


. Properties  of  Plastic  '.Laminates  Made  of  Different  Fabrics  & Resins 


Report  2669 


w * 

nnvuiw 


! 

1 

1 

! 

1 


1 
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tr«ss-S train  Curves  of  Plastic  Laminates  Wade  of  Different 
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Ki g.  !•  Effect  of  Laminating  Conditions  on  the  Compressive,  Sheer,  and 
Isod  Impact  Strength  of  Plastic  Laminates 


RESIN  CONTENT  (PERCENT) 


SPAN  - DEPTH  FATiO  16  TO  l FLEXURAL  SPECIMEN  V * f X 4 INCH 
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Fig.  6 Effect  of  Laminating  Conditions  0"  the  Ele>roraI 

Plastic  Laminates 
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»9*Trr  THICKNESS  INCH!  RES!  V CONTENT  (PERCENT) 


AM/NATES  WITH  POLYESTER  TYPE  RESIN  LAMINATES  WITH  PHENOLIC  TYPE  RESIN 
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Fig.  Y Ej'iec t.  oi  Temperature  at  Time  of  Test  on  Compressive.  Shear , and 

Izod  Impact  Strength  of  Plastic  Laminates 
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Fig.  11  Effect  of  Resin  Content  on  Power  Factor  of  Plastic  Laminates 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  D 
AEeTJSED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  PJ 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCl 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  Tl 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  Tl 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MAKUF 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  EN  ANY  WAY  BE  RELATED  THl 
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